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Geomorphological map of the Rees Valley, Otago, New Zealand 37 
 38 
Abstract 39 
We present a 1:33,333 geomorphological map of the Rees Valley, Otago, New Zealand. The 40 
Rees River drains an area of ~405 km2 and feeds into the head of Lake Wakatipu. This area 41 
has been affected by a range of geomorphological processes including tectonic activity, 42 
glacial erosion and deposition, mass movement, fluvial action, and base (lake) level change. 43 
Mapping was achieved by a combination of interpretation from SPOT 5 HRG satellite 44 
imagery and ground-truthing. The map presents the current distribution of landforms and 45 
sediments associated with the wide variety of contemporary and past geomorphological 46 
processes. It represents the most detailed and finest resolution geomorphological map of 47 
this region to date, and hence a number of features have been mapped and described for 48 
the first time. The map will assist on-going studies in the Rees catchment that seek to 49 
understand fluvial sediment transport and associated flood hazards, the dynamics of former 50 
glaciers, base level change associated with a drop in the level of Lake Wakatipu, and mass 51 
movement hazards.  52 
 53 
Keywords 54 
Base level change; Fluvial processes; Geomorphology; Mass movement; New Zealand, 55 
Palaeoglaciology. 56 
 57 
1. Introduction 58 
The Southern Alps of New Zealand represent an exceptionally dynamic geomorphological 59 
terrain. There are numerous peaks in excess of 3000 m.a.s.l. along the Main Divide and 60 
overall this mountain range experiences rapid tectonic uplift on the order of 5 mm a-1 61 
(Beaven et al., 2010), with extremely high mean annual precipitation of up to 14 m per year 62 
(Henderson and Thompson, 1999). These factors combine to drive a range of 63 
geomorphological processes including glaciation, fluvial incision and deposition, and mass 64 
movement. Consequently, landscape evolution in the Southern Alps is complex, 65 
representing significant challenges to the quantification of erosion and sedimentation rates 66 
associated with different geomorphological processes and to unravelling the palaeo-67 
environmental archive recorded by terrestrial landforms and sediments. In addition, the 68 
same geomorphological processes represent significant challenges to geohazard 69 
management in the region. Seismic, mass movement and flood hazards pose risks to the 70 
local population, tourists, and regional infrastructure (e.g.  Otago Regional Council, 2010).  71 
 72 
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There has been extensive and repeated glaciation of the Southern Alps throughout the 73 
Quaternary (e.g. Newnham et al 1999; Barrell, 2011; Barrell et al., 2011). Seven glacials 74 
have been correlated with Marine Isotope Stages (MIS) 2, 3, 4, 6, 8, 10 and 12, as well as 75 
five interglacials correlated with MIS 1, 5, 7, 9 and 11. Two older glaciations have been 76 
identified between 1.8 and 2.6 Ma BP (Barrell, 2011). Despite the wealth of potential 77 
information about former glacier extent and palaeoclimate preserved in the 78 
geomorphological record, the landform-sediment archive in New Zealand has received 79 
relatively little attention compared with glaciated areas of the northern hemisphere. Yet, New 80 
Zealand represents one of the few mid-latitude landmasses in the southern hemisphere 81 
where a terrestrial glacier-climate record could be preserved (Alloway et al., 2007; 82 
Sutherland et al., 2007), and so it is important that this record be exploited. Recent research 83 
in the region has sought to understand the large-scale palaeoclimatic and palaeoglacial 84 
record of the Southern Alps. For example, Barrell et al. (2011) have mapped the glacial 85 
geomorphology of the central South Island associated with the Last Glacial Maximum (LGM; 86 
known locally as the Otiran Glaciation), and Golledge et al. (2012) have modelled LGM ice 87 
extent and climate for the Southern Alps.  88 
 89 
In this study, we describe a 1:33,333 geomorphological map of the Rees Valley, Otago, New 90 
Zealand. The location of the study area is shown in Figure 1. The map represents the only 91 
detailed geomorphological map of the Rees catchment, which (1) contains an important and 92 
hitherto unstudied palaeo-glaciological archive of landforms and sediments; (2); experiences 93 
widespread mass movement events that are important both in terms of landscape evolution 94 
and sediment supply to rivers, and in terms of potential hazards to people and infrastructure 95 
(e.g. McSaveney and Glassey, 2002; Otago Regional Council, 2010; (3) plays host to a 96 
dynamic and complex braided river system that serves as both an aggregate resource for 97 
local communities, and as a hazard because of the flood risk that it poses (e.g. Mabin, 2007; 98 
Otago Regional Council, 2008); and (4) has experienced significant changes in local base 99 
level associated with post-glacial variations in the level of Lake Wakatipu, into which the 100 
Rees River drains (e.g. Bell, 1992; Thomson, 1996; Wellman, 1979). In this respect, the 101 
geomorphological map of the Rees catchment provides an important context for other on-102 
going investigations in the area concerned with modern braided river dynamics (e.g. 103 
Brasington et al., 2010; Williams et al., 2011; 2013), former glacial conditions and processes, 104 
and changes in the level of Lake Wakatipu since the LGM (e.g. Wild et al., 2008).  105 
 106 
 107 
2. Site Location and Description  108 
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The Rees Valley is located at the head of Lake Wakatipu on New Zealand’s South Island 109 
(Figure 1). The valley is occupied by the Rees River, which is ~41 km in length and drains a 110 
catchment area of ~405 km2 (Williams et al., 2011). The Richardson Mountains are located 111 
to the east of the river and the Forbes Mountains to the west, and both mountain ranges 112 
attain altitudes exceeding 2000 m.a.s.l. The bedrock geology along the course of the Rees 113 
River channel is composed of pelitic schist belonging to the Mount Aspiring lithologic group 114 
(Turnbull, 2000). To the west of the main channel, the bedrock beneath the tributary valleys 115 
feeding into the Rees River comprises metamorphosed volcaniclastic sandstones and 116 
siltstones of the Caples Terrane, whereas to the east both of the aforementioned bedrock 117 
types are present (Turnbull, 2000).  118 
 119 
The Rees Valley was carved by the Tyndall Glacier (sometimes referred to as the Rees 120 
Glacier) during the Quaternary. The Tyndall Glacier was one of the main tributary glaciers 121 
that fed the Wakatipu Glacier, which itself was responsible for carving Lake Wakatipu. 122 
Today, glaciers within the Rees catchment are confined to high altitude cirques. The nearest 123 
sizeable valley glaciers include the ~6 km-long Dart Glacier and ~4.5 km-long Whitbourn 124 
Glacier, both located approximately 6.5 km to the north of the area mapped here, and the 125 
~3.6 km-long Margaret Glacier located approximately 2.3 km to the northwest of the mapped 126 
area. These glaciers contribute meltwater to the neighbouring Dart River.  127 
 128 
The boundaries of the map presented here are determined by the Rees River catchment 129 
watershed and the areas immediately adjacent to the watershed. The head of the Rees 130 
River is at a prominent col known as the Rees Saddle. The col is ~80 m above Snowy Creek 131 
to the north, a former tributary of the Rees River that was captured by the Dart River 132 
(Williams et al., 2011). The southernmost boundary of the mapped area is at the junction of 133 
the Rees-Dart delta with Lake Wakatipu, taking in Glenorchy. The map also includes other 134 
small catchments in the southeast of the mapped area (Buckler Burn at ~46 km2; Stone 135 
Creek at ~6 km2) as well as parts of the Dart River catchment to the north and west. Overall, 136 
the mapped area is 16.5 km wide and 38 km long.  137 
 138 
There has been relatively little geomorphological research undertaken in the Rees Valley. 139 
Barrell (2011) included part of the Rees catchment in a broader reconstruction of the 140 
Wakatipu Glacier during different stages of the Quaternary. McSaveney and Glassey (2002) 141 
reported on a fatal debris flow from Cleft Peak in the upper reaches of the Rees River, and 142 
more broadly, Otago Regional Council (2010) reported on the variety of geohazards to the 143 
community of Glenorchy. DeScally et al. (2010) examined some examples of debris flow 144 
fans and alluvial fans in the Rees Valley and surrounding area as part of a wider study of the 145 
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morphometric properties of these two landforms. Modern fluvial sediment transfer processes 146 
have been examined by Brasington (2010) and Williams et al. (2011, 2013) who made 147 
detailed studies of the evolution of the braided lower reaches of the Rees River using 148 
Terrestrial Laser Scanning.  Wild et al. (2008) have also reconstructed recent sedimentation 149 
rates to the Rees and Dart delta. The surficial and bedrock geology of the Rees Valley has 150 
been mapped by Turnbull (2000). Overall, however, a comprehensive and detailed 151 
examination of the geomorphology of the Rees Valley has not been undertaken thus far.   152 
 153 
 154 
3. Methods 155 
Geomorphological mapping was achieved through computer-based mapping in ArcGIS 156 
supported by satellite image interpretation and field-based mapping. The map has been 157 
produced at a 1:33,333 scale using the NZTM 2000 New Zealand Transverse Mercator co-158 
ordinate system. Orthorectified false-colour SPOT 5 HRG satellite images were used as a 159 
base map. This imagery, acquired in 2008, has an object-space (ground) spatial resolution 160 
of 2.5 m. Geomorphological features were digitised in ArcGIS and then ground-truthed in the 161 
field. The focus of the ground-truthing was the main Rees River channel and surrounding 162 
valley sides between Glenorchy and the Rees Saddle, as well as the area between Mt 163 
Alfred, Earnslaw Burn, the Rees River braidplain and the Buckler Burn. Oblique aerial 164 
photographs of the lower Rees River were also used to assist with mapping. Computer-165 
based mapping was aided by hillshade models generated in ArcGIS from a 10 m resolution 166 
DEM (Digital Elevation Model) interpolated from LINZ (Land Institute of New Zealand) 167 
contour data. These contours were also used in the final map production. In order to map 168 
areas for which no ground-truthing was undertaken, we used a combination of 169 
geomorphological interpretation from the satellite imagery and oblique views in Google 170 
Earth, with cross-referencing to the geological map of Turnbull (2000), especially for surficial 171 
sediments and landslides.   172 
 173 
The labelling of place names and significant landscape features was completed with 174 
reference to LINZ 1:50,000 maps of Lake Williamson (NZTopo50-CA10) and Glenorchy 175 
(NZTopo50-CB10), both produced in 2009. The road layer in our map is derived from the 176 
downloadable LINZ GIS layers (www.linz.govt.nz).  177 
 178 
In order to elucidate the origin of some landforms and sediments, sedimentary sections were 179 
examined where they existed. Sections were exposed in a number of locations along the 180 
sides of the Rees River between McDougalls Creek and Muddy Creek. Sediments were 181 
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logged and described following standard techniques (e.g. Evans and Benn, 2004), although 182 
we do not present the full sedimentological dataset here.  183 
 184 
The mapped features are classified according to the primary process systems that have 185 
shaped this landscape, and which are the subject of on-going study. Hence, 186 
geomorphological features are grouped in the key according to whether they were generated 187 
by processes associated with glaciation, mass movement, fluvial action or lake level change. 188 
 189 
 190 
4. Results and Discussion 191 
We discuss the geomorphology of the Rees Valley in four sub-sections related to different 192 
earth surface processes, namely: Glacial, Mass Movement, Fluvial, and Lake Level Change. 193 
 194 
4.1 Glacial 195 
Glacier outline mapping yields a total glacier cover of 15.6 km2 within the mapped area. The 196 
Rees Valley has been strongly conditioned by glacial action, and a number of glacial 197 
geomorphological features are mapped including moraine ridges, ice-sculptured bedforms, 198 
kame terraces, kettle holes and arêtes.  199 
 200 
Evidence of glacial erosion is abundant in the form of ice-sculptured bedforms, which are 201 
glacially smoothed bedrock landforms, elongated in the direction of former glacier flow 202 
(Figure 2). Ice-sculptured terrain is best developed in the central Rees Valley, on Mt Alfred, 203 
and in the high altitude cirques that remain partly glacierized (e.g. Mt Earnslaw), or have only 204 
recently become ice-free. Almost all of the mapped area would have been covered by ice 205 
during the LGM (Barrell, 2011; Golledge et al., 2012), and hence most of the catchment has 206 
been conditioned by glaciation to some extent. In some areas, however, the glacial imprint 207 
on the landscape is complicated by other influences. For example, between Big Devil Creek 208 
and Twenty Five Mile Creek (in the vicinity of 1242000, 5049000) glacial erosion has 209 
accentuated the structural grain and sedimentary layering of the bedrock, giving particularly 210 
well-developed ice-sculptured bedforms. At the same location, however, the slope has been 211 
disturbed by landslide activity, giving the bedforms a warped appearance. Other slopes that 212 
are likely to have been conditioned by glacial action have been heavily disturbed by 213 
landslide activity, giving them a hummocky appearance (e.g. to the east of Glenorchy and 214 
Buckler Burn in the vicinity of 1239000, 5022000, and to the east of Chinamans Flat at 215 
1238000, 5026000).  216 
 217 
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In general, glacial depositional landforms are scarce. Moraine ridges are common in high 218 
altitude cirques currently occupied by glaciers, or where ice has been present until relatively 219 
recently. Barrell (2011) also noted that moraines were relatively rare in the wider Wakatipu 220 
area, but that evidence for ice sculpting was common. Moraines may not have good long-221 
term preservation potential in such a dynamic geomorphological environment characterised 222 
by high rates of fluvial incision and mass movement, driven by high precipitation and high 223 
tectonic uplift rates. There are, however, valley-side sediment exposures that contain 224 
reworked glacial deposits along the course of the main Rees River channel (e.g. at Muddy 225 
Creek). However, because of the extent of reworking of these deposits by mass movement 226 
processes, we describe these in the subsequent sub-section.  227 
 228 
Some valley slopes exhibit conspicuously flat or gently sloping areas, especially along the 229 
true left valley side between Twelve Mile Creek and Stone Creek. Geological mapping of 230 
surficial deposits by Turnbull (2000) identified some of these materials as alluvial (i.e. fluvial) 231 
and glaciofluvial sediments. However, our mapping indicates that these deposits are more 232 
extensive than reported previously. Perhaps the most notable example of these deposits is 233 
at Chinamans Flat where Buckler Burn takes a sharp turn from its east-west flow upstream, 234 
to a southerly direction downstream (Figure 3). Chinamans Flat is a 3.4 km-long strip 235 
bounded to the west by a glacially sculptured hill, and to the east by steeper glacially 236 
conditioned slopes that experience mass movement. At the southernmost extent of 237 
Chinamans Flat are a number of water-filled depressions, interpreted here as kettle holes 238 
(Figure 3c). We suggest that Chinamans Flat is a kame terrace derived from glaciofluvially 239 
worked debris, with sediment deposited on a decaying, stagnant part of the Tyndall Glacier 240 
hemmed-in between the valley side and the bedrock rise, which melted to produce the kettle 241 
holes. The sharp bend in the course of Buckler Burn may have resulted from the stream 242 
following this ancient meltwater route. To the north of Buckler Burn, both Davidsons Creek 243 
and Twelve Mile Creek exhibit a similar pattern where they flow sharply to the left (i.e. 244 
southward) in association with valley parallel flats. 245 
 246 
4.2 Mass Movement 247 
Geomorphological features related to mass movement are common within the Rees 248 
catchment, as is evident in the 1:250,000 scale geological map by Turnbull (2000). Mass 249 
movement features include mass movement scarps, zones of slope deformation, scree, and 250 
hummocky rockfall deposits. 251 
 252 
On the map, slope deformation refers to hillslope failure by creep, heave and sliding where 253 
in each case the slope itself moves en masse. Scree is mapped for debris accumulations 254 
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composed of unconsolidated debris, which occur on or at the foot of slopes, from rockfall or 255 
weathering processes. Continued slope deformation, rockfall and scree production result 256 
from weathering, tectonic activity and possibly from paraglacial slope instability related to 257 
glacially oversteepened slopes. Slope deformation may also result from earthquake activity 258 
and from debuttressing of valley slopes following deglaciation, or indeed from deformation 259 
processes occurring contemporaneously with glaciation. McColl and Davies (2012) 260 
demonstrated that slopes push into the nearby Dart Glacier, raising the possibility that some 261 
of the slope deformation within the Rees Valley may also have occurred before deglaciation.  262 
 263 
The generally west-to-southwest dipping foliation of the schistose rocks also exerts an 264 
important influence on mass movement within the mapped area (Turnbull, 2000; DeScally et 265 
al., 2010). For example, whilst mass movement affects most slopes in the mapped area to 266 
some extent, landsliding often has a profound effect on westward-facing slopes where entire 267 
hillslopes are deforming (e.g. along the western side of the Rees valley and the western side 268 
of Earnslaw Burn). Such large-scale deformations are less common on east-facing slopes.   269 
 270 
There are well-developed mass movement scarps in a number of locations within the Rees 271 
catchment (e.g. Earnslaw Burn; north of Twelve Mile Creek; above Chinamans Flat). Figure 272 
4a shows scarps located on the northeast-facing slope of Mt Alfred, indicative of a creeping 273 
landslide. Along the central Rees valley, there are a number of scarps from which blockfalls 274 
have occurred, especially to the south of Lennox Creek. Scree has accumulated at the base 275 
of the slope along this valley side, although it is generally covered in vegetation and is no 276 
longer active. To the north of Arthurs Creek, there is an accumulation of rounded hillocks 277 
(Hummocky rockfall deposits; 1240200, 504400; Figure 4b), interpreted here to be rockfall 278 
debris blocks that have fallen on top of the Rees braidplain and been covered by loess and 279 
subsequently vegetated. There is some similarity between these mapped features and ‘The 280 
Hillocks’, which are found along the course of the neighbouring Dart River (McColl and 281 
Davies, 2011).  Until recently, the Hillocks had been interpreted as moraine mounds or kame 282 
deposits, but McColl and Davies (2011) re-interpreted these features as the product of a 283 
large rock avalanche, highlighting the occurrence of other such features in New Zealand and 284 
Austria. We consider it unlikely that the features in the Rees valley are moraines or kame 285 
deposits because of their close proximity to steep scarps from which rockfalls have likely 286 
taken place, and because the debris has been deposited on top of fluvial sediments laid 287 
down after the recession of the Tyndall Glacier. Nonetheless, careful interpretation is 288 
required in order to differentiate rockfall and rock avalanche debris from glacial landforms 289 
such as moraines and kame deposits.   290 
 291 
Page 8 of 28
URL: http://mc.manuscriptcentral.com/tjom
Journal of Maps
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
9 
 
Perhaps the most impressive mass movement in the mapped area is at Muddy Creek. Here, 292 
there is a large scar on the valley slope that covers an area of ~4.6 km2 (Figure 5a). This 293 
zone of mass failure is responsible for delivering a significant amount of sediment into the 294 
Rees River, resulting in the formation of an alluvial fan immediately downstream (the ‘Muddy 295 
Creek Fan’; Figure 5b).  296 
 297 
There are a number of exposures through the valley slopes from Muddy Creek toward the 298 
south, as far as Invincible Creek. At Muddy Creek, a section up to ~8 m in height (Figure 6) 299 
reveals diamicton containing mostly sub-angular clasts with dominantly bladed, platy and 300 
elongate shapes (based on 2 samples of 50 clasts each). The flatter clasts probably inherit 301 
their shape from breakdown of the dominant schist bedrock along cleavage planes (e.g. 302 
Brook and Lukas, 2012; Lukas et al., 2013), although the presence of elongate clasts with a 303 
generally sub-angular form is consistent with subglacial wear. Much of the sedimentary 304 
sequence comprises structureless diamicton with subglacially worked clasts, although there 305 
is some crude layering (Figure 6b) and a number of pockets of sorted, water-worked 306 
sediment (Figure 6c) that may represent slack water deposits formed in eddies behind 307 
boulders. These observations are not consistent with an interpretation as glacial till, but are 308 
consistent with an interpretation as a debris-flow deposit where the parent material was 309 
glacial diamicton. The top ~2 m of the deposit is composed of a muddy gravel that has 310 
distinct layering (Figure 6c). We interpret this uppermost material to be fluvial gravel that has 311 
been emplaced on debris flow deposits. This top surface of fluvial material probably 312 
belonged to the prominent, and now relict, alluvial fan that extends from Muddy Creek 313 
toward the north (Figure 8b). From this sequence, we suggest that, following deglaciation, 314 
unstable till-mantled slopes gave rise to paraglacial debris flows. Over time, paraglacial 315 
debris flow activity reduced and fluvial processes began to rework debris flow and glacial 316 
deposits and generate an alluvial fan on top of the debris flow deposit. Subsequently, the 317 
large alluvial fan shown in Figure 8b has been incised by Muddy Creek, which now delivers 318 
significant quantities of sediment from the active Muddy Creek catchment into the Rees 319 
River through the Muddy Creek Fan.  320 
 321 
 322 
4.3 Fluvial 323 
We identify a number of geomorphological features associated with fluvial processes, 324 
including ephemeral or relict channels, sections of active braid plain, active gravel bars 325 
within channels, alluvial fans, and alluvial sediment (i.e. relict fluvial sediment). There are 326 
also several well-defined terraces mapped within the Rees catchment, although some have 327 
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been cut by fluvial erosion and others cut by wave action when the level of Lake Wakatipu 328 
was higher than today (see next section). 329 
 330 
South of Muddy Creek there are other prominent sediment exposures, which are interpreted 331 
to represent proximal fluvial outwash deposits associated with a higher stage of Lake 332 
Wakatipu (Figure 7). Sediment within these exposures is dominated by sub-angular clasts 333 
with shapes that are mostly bladed, elongate and platy. The sediment is well bedded (Figure 334 
7a and b) and there are channels filled with sand and gravel (Figure 7c) consistent with 335 
water-working of sediment. Subsequent base level change and/or tectonic uplift have 336 
promoted incision into these outwash sediments by the Rees River to leave the significant 337 
sediment exposures shown in Figure 7. 338 
 339 
Up-valley from the Muddy Creek Fan the valley floor is up to ~1 km in width, with an average 340 
slope of 0.3º (Figure 8a). This wide and flat morphometry contrasts with the area down-341 
valley from Muddy Creek, which, apart from the 350m-wide Muddy Creek Fan, is generally 342 
less than 150 m in width, and has an average slope of 1.1º. We speculate that the valley fill 343 
north of Muddy Creek could owe its origin to sedimentation in a lake that developed because 344 
of valley blockage and damming of the Rees River. The timing of such an event is unclear, 345 
but could have resulted from a single mass failure from Muddy Creek, or series of debris 346 
flows that promoted progressive encroachment of the Muddy Creek fan across the valley. 347 
The thick debris flow sediments in the section at Muddy Creek could represent a large mass 348 
failure or series of debris flows that blocked the Rees valley, leading to deposition into the 349 
lake of the several alluvial fans that enter the flat valley to the north of Muddy Creek (Figure 350 
8b). The sedimentary evidence in Muddy Creek is consistent with this, since the debris flow 351 
deposits are capped by fluvial gravels (Figure 6).  352 
 353 
Further south at Invincible Creek, the valley floor widens to up to 300 m, before entering the 354 
wide braidplain at Lovers Leap. From here toward Lake Wakatipu, the active Rees braidplain 355 
is up to ~700 m wide, although accumulations of alluvial (fluvial) sediment on either side of 356 
the Rees River extend up to ~2.5 km across the valley.  357 
 358 
Patterns of aggradation and degradation in the Rees River are complex and are the subject 359 
of on-going high-resolution survey investigation (e.g. Williams et al., 2011, 2013). Surveys 360 
reveal that the river bed has been aggrading around the road bridge that crosses the Rees 361 
River close to the southeast flank of Mt Alfred (1235800, 5030400), and in the braided reach 362 
down-river of the bridge (Otago Regional Council, 2008; Williams et al., 2011). One 363 
possibility for this aggradation is that the input of material from the mass failures at Muddy 364 
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Creek, and associated build-up and release of sediment in the Muddy Creek Fan, has 365 
generated a sediment wave that has been transmitted downstream (Williams et al., 2011). 366 
Additionally, the aggradation may result from the constraint of the active braidplain between 367 
stopbanks, as has been observed elsewhere in New Zealand (Davies and McSaveney, 368 
2006; Williams et al., 2011). There is some evidence that the Rees River is degrading 369 
upstream of this area, between the bridge and Twenty Five Mile Creek / Ox Burn, and 370 
through the narrow gorge section between Muddy Creek and Invincible Creek. A report by 371 
Otago Regional Council (2008) links the degradational regime between the bridge and 372 
Twenty Five Mile Creek / Ox Burn to changes in sediment supply within that tributary 373 
catchment. Our observations indicate that just downstream of the narrow gorge section 374 
between Muddy Creek and Invincible Creek, bar surfaces are significantly above the current 375 
active channel bed and, unlike bars downstream, are heavily vegetated. This indicates a 376 
pattern of recent degradation in this stretch of the river associated with sediment supply 377 
changes along the main channel of the Rees River. 378 
 379 
Together with the Dart River, the Rees River is one of the primary drainage pathways into 380 
Lake Wakatipu. Both rivers contribute to the building of the Dart-Rees delta where they meet 381 
Lake Wakatipu. The delta is advancing into Lake Wakatipu at a rate of between 1.4 to 1.6 m 382 
a-1 (Mabin, 2007) with an annual sedimentation rate estimated to be 2.7 x 105 m3 a-1, 383 
equivalent to an average catchment denudation rate of 0.3 mm a-1 (Wild et al., 2008).  384 
Progradation of the delta poses a significant flood risk for the small settlement of Glenorchy 385 
as elevated river bed levels upstream of the township comprise the standards of protection 386 
provided by historic flood defences. High rates of  channel aggradation further upstream, in 387 
the vicinity of the Rees River Bridge, are estimated to be  in the order of 27 mm a-1 (Mabin, 388 
2007), and represent a significant problem for the maintenance of this vital river crossing,  389 
which provides access to popular alpine trails, including the Routeburn, Caples, Greenstone 390 
and Dart-Rees Tracks.  391 
 392 
Diamond Lake and Lake Reid are thought to have once been part of a larger Lake Wakatipu 393 
(Kober, 1999). Diamond Lake in particular is progressively silting-up with sediment delivered 394 
by Earnslaw Burn and River Jordan. The Rees River receives little sediment from these 395 
streams because of the buffering effect of Diamond Lake and Lake Reid (Mabin, 2007). The 396 
large fan that emanates from Earnslaw Burn has been incised both by the Rees River to 397 
produce distinct terraces in the vicinity of Lovers Leap and Camp Hill that are up to 40 m 398 
higher than the modern river, and by Earnslaw Burn itself to produce terraces to the north 399 
and west of Camp Hill.  400 
 401 
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 402 
4.4 Lake Level Change 403 
Mapped geomorphological features associated with lake level change include relict lake 404 
shorelines and beach strandplains. Relict lake shorelines are erosional features whereby 405 
wave action has cut a terrace into the valley side. Hence, the map shows areas of relict lake 406 
shorelines associated with terraces. Terraces are mapped as a generic feature since similar 407 
features are also cut by fluvial erosion. Beach strandplains are relatively flat beach areas 408 
with a series of small sediment ridges built by wave action. 409 
 410 
The lower reaches of the Rees catchment have been affected by the changing level of Lake 411 
Wakatipu since its formation at the end of the LGM. Much of Glenorchy village is situated on 412 
a former beach strandplain (Turnbull, 2000; Mabin, 2007), whilst the wetland area to the 413 
north was connected to Lake Wakatipu as recently as the 1860s (Mabin, 2007).  414 
 415 
Perhaps the clearest evidence for lake level change can be found along the eastern side of 416 
the lower Rees River. The prominent Bible Steps are a flight of terraces etched into the 417 
valley side (Figure 9) and into the Buckler Burn fan. These features record a drop of ~43 m 418 
in the level of Lake Wakatipu since its formation, most likely connected with a switch in 419 
drainage from Kingston, where outflow breached a large terminal moraine complex, to the 420 
Kawarau River near Queenstown (Figure 1). Since Lake Wakatipu is the local base level, 421 
this drainage is likely to have led to enhanced fluvial incision in the Rees catchment, and 422 
ultimately, therefore, enhanced fluvial sediment production. 423 
 424 
There have been previous attempts to reconstruct the lake level history (Bell, 1992; 425 
Thomson, 1996) but the exact timing of lake level changes remains uncertain. Analysis of 426 
fish population genetics indicates that the Von River (Figure 1) has been draining into 427 
Wakatipu from the west for ~12,000 years (Craw et al., 2007). This places an upper limit on 428 
the age of the top surface of the Von fan, and provides a starting point for dating of 429 
shorelines etched into this fan and others around Wakatipu. This is the subject of on-going 430 
investigation. The palaeo-shorelines have also been suggested to display an increase in 431 
elevation towards the head of the lake (i.e. toward the north) (Wellman, 1979), therefore 432 
possibly representing a glacio-isostatic signal in the landscape. However, this tilting has not 433 
been accurately quantified, nor is there any knowledge of whether the tilting process 434 
continues today. 435 
 436 
 437 
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5. Conclusions 438 
We have presented a 1:33,333 scale map of the Rees River catchment and immediate 439 
surroundings that illustrates the distribution of landforms associated with glaciation, mass 440 
movement, fluvial action, and change in the level of Lake Wakatipu. This map provides the 441 
fundamental context for on-going geomorphological investigations in the Rees catchment. A 442 
number of features within the mapped area are worthy of further investigation. These 443 
include: (i) the reconstruction of former glacier limits and glaciological conditions based on 444 
the identification of moraines, glaciofluvial landforms and ice-sculptured bedrock; (ii) an 445 
assessment of mass movement hazards and the role of mass movement in landscape 446 
evolution within the Rees catchment; (iii) the hypothesis that a single landslide or sequence 447 
of successive debris flows at Muddy Creek built a dam across the Rees River to create a 448 
large lake basin up-stream; (iv) the causes of river bed aggradation, especially around road 449 
bridges; and (v) the timing and rate of reduction in the level of Lake Wakatipu recorded in the 450 
prominent shorelines in the lower Rees.  451 
 452 
 453 
6. Software 454 
The primary software packages used in the production of our map were ArcMap10 and 10.1. 455 
These were used to visualise remote sensing imagery and to digitise geomorphological 456 
features. The map was exported from ArcMap10 to .pdf format. 457 
 458 
Map Design 459 
The map has been produced to fit onto A0 paper, which is the largest map size allowable. 460 
Hence, our final map has a scale of 1:33,333 to fit that. 461 
 462 
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List of Figures: 585 
 586 
Figure 1: SPOT 5 HRG satellite image mosaic of the Wakatipu region, including main 587 
settlements and the location of the area mapped in this study (white box) and its position 588 
within a national context (inset) 589 
 590 
Figure 2: Ice-sculptured bedrock at Chinamans Flat, near to Glenorchy. Note also the relict 591 
palaeo-lake shorelines at the base of the hill.  592 
 593 
Figure 3: Views of Chinamans Flat. (A) In cross-section, the southern end of Chinamans 594 
Flat is conspicuously horizontal; (B) The flat area extends from the junction with Buckler 595 
Burn (close to where the viewer is standing) round to the north (in the distance); (C) Several 596 
water- or peat-filled depressions exist at the southern end of Chinamans Flat, interpreted 597 
here as kettle holes.  598 
 599 
Figure 4: A) Mass movement scarps located on the northeast-facing slope of Mt Alfred 600 
(Image from Google Earth); (B) Rockfall blocks covered by loess and vegetation (Hummocky 601 
rockfall deposits) in the central Rees valley, north of Arthurs Creek.  602 
 603 
Figure 5: (A) Mass failure at Muddy Creek (photograph taken facing southeast). The failure 604 
emanates from the distant ridge and around to the prominent face in the middle ground. The 605 
slumped hillslope can be seen in the middle of the image, covered in vegetation; (B) The 606 
active Muddy Creek fan entering the Rees River valley. Note the trees being overwhelmed 607 
by sediment aggradation on the fan. 608 
 609 
Figure 6: (A) Overview of the sediment exposure at Muddy Creek (note person for scale); 610 
(B) Evidence for crude layering among generally poorly sorted and structureless diamicton; 611 
(C) Pockets of water-worked sand and gravel as well as crude layering near the surface of 612 
the sequence.  613 
 614 
Figure 7: Sedimentary sections south of Muddy Creek. (A) Around 0.3 km north of Invincible 615 
Creek. (B) Around 0.6 km south of Muddy Creek. Image (C) shows a channel fill within 616 
poorly sorted diamicton at the site near to Invincible Creek.  617 
 618 
Figure 8: (A) Flat valley floor of the Rees River north of Muddy Creek viewed from the top of 619 
a prominent relict alluvial fan, looking north; (B) View of the same relict alluvial fan looking 620 
south toward the Muddy Creek mass movement scar (at left of image).  621 
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 622 
Figure 9: Prominent relict lake shorelines (indicated by arrows) etched into the valley side 623 
between Glenorchy and Precipice Creek / Temple Burn. 624 
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Figure 1: SPOT 5 HRG satellite image mosaic of the Wakatipu region, including main settlements and the 
location of the area mapped in this study (white box) and its position within a national context (inset).  
135x190mm (150 x 150 DPI)  
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Figure 2: Ice-sculptured bedrock at Chinamans Flat, near to Glenorchy. Note also the relict palaeo-lake 
shorelines at the base of the hill.  
159x119mm (150 x 150 DPI)  
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Figure 3: Views of Chinamans Flat. (A) In cross-section, the southern end of Chinamans Flat is 
conspicuously horizontal; (B) The flat area extends from the junction with Buckler Burn (close to where the 
viewer is standing) round to the north (in the distance); (C) Several water- or peat-filled depressions exist 
at the southern end of Chinamans Flat, interpreted here as kettle holes.  
84x184mm (96 x 96 DPI)  
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Figure 4: A) Mass movement scarps located on the northeast-facing slope of Mt Alfred (Image from Google 
Earth); (B) Rockfall blocks covered by loess and vegetation (Hummocky rockfall deposits) in the central 
Rees valley, north of Arthurs Creek.  
114x168mm (96 x 96 DPI)  
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Figure 5: (A) Mass failure at Muddy Creek (photograph taken facing southeast). The failure emanates from 
the distant ridge and around to the prominent face in the middle ground. The slumped hillslope can be seen 
in the middle of the image, covered in vegetation; (B) The active Muddy Creek fan entering the Rees River 
valley. Note the trees being overwhelmed by sediment aggradation on the fan.  
124x164mm (96 x 96 DPI)  
 
 
Page 24 of 28
URL: http://mc.manuscriptcentral.com/tjom
Journal of Maps
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
  
 
 
Figure 6: (A) Overview of the sediment exposure at Muddy Creek (note person for scale); (B) Evidence for 
crude layering among generally poorly sorted and structureless diamicton; (C) Pockets of water-worked 
sand and gravel as well as crude layering near the surface of the sequence.  
245x174mm (96 x 96 DPI)  
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Figure 7: Sedimentary sections south of Muddy Creek. (A) Around 0.3 km north of Invincible Creek. (B) 
Around 0.6 km south of Muddy Creek. Image (C) shows a channel fill within poorly sorted diamicton at the 
site near to Invincible Creek.  
249x165mm (96 x 96 DPI)  
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Figure 8: (A) Flat valley floor of the Rees River north of Muddy Creek viewed from the top of a prominent 
relict alluvial fan, looking north; (B) View of the same relict alluvial fan looking south toward the Muddy 
Creek mass movement scar (at left of image).  
123x185mm (96 x 96 DPI)  
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Figure 9: Prominent relict lake shorelines (indicated by arrows) etched into the valley side between 
Glenorchy and Precipice Creek / Temple Burn.  
166x125mm (150 x 150 DPI)  
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